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VIEWPOINT CONVERTING APPARATUS, 
METHOD, AND PROGRAM AND VEHICULAR 

IMAGE PROCESSING APPARATUS AND METHOD 
UTILIZING THE VIEWPOINT CONVERTING 
APPARATUS, METHOD, AND PROGRAM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to viewpoint convert 
ing apparatus, method, and program Which perform a vieW 
point conversion from an image of an actual camera to that 
of a virtual camera and vehicular image processing appara 
tus and method utiliZing the vieWpoint converting apparatus, 
method, and program. 

[0003] 2. Description of the Related Art 

[0004] In many previously proposed vieWpoint converting 
apparatuses, a pinhole camera model has been used for a 
simulation of a camera such as a CCD (Charge Coupled 
Device) camera. In the pinhole camera model, a light ray 
Which enters Within a camera’s main body alWays passes 
through a representative point (a focal point position of a 
lens of the camera or a center point position of the lens is, 
in many cases, used as the representative point) and propa 
gates in a rectilinear manner, an angle of incidence of the 
light ray from an external to the camera’s main body on the 
representative point is equal to an angle of outgoing radia 
tion of the light ray toWard an inside of the camera’s main 
body. Hence, a photograph range of the camera is deter 
mined according to a magnitude of a maximum angle of 
incidence GIMAX and magnitude and position of the photo 
graph plane. The magnitude of a maximum angle of outgo 
ing radiation GOMAX of the light ray is equal to that of 
maximum angle of incidence thereof GIMAX. HoWever, if the 
pinhole camera model is used for the simulation of the 
camera, a variation in a position on the photograph surface 
With respect to the variation in the outgoing angle over a 
contour portion of the photograph plane is larger than that 
over a center portion of the photograph plane. A distortion 
of the image photographed by a camera having a large ?eld 
angle or of the image positioned in a vicinity to the contour 
portion of the photographed plane is developed. 

[0005] A Japanese Patent Application First Publication 
No. Heisei 5-274426 published on Oct. 22, 1993 exempli?es 
a previously proposed technique of correcting the distortion 
of the image such as described above. In the previously 
proposed technique, a predetermined pattern is photo 
graphed, an actual pattern image is compared With the 
predetermined pattern to determine Whether the distortion 
occurs. Then, a correction function to correct the distortion 
of the photographed image (image data) on the basis of the 
distortion of the pattern image is calculated to remove the 
distortion from the photographed image. 

SUMMARY OF THE INVENTION 

[0006] HoWever, it becomes necessary to photograph the 
pattern image in order to calculate the correction function 
and it becomes necessary to photograph the pattern image 
Whenever a lens characteristic and a photograph position are 
different from each of previous ones. Consequently, it 
becomes complicated. 

[0007] It is, therefore, an object of the present invention to 
provide vieWpoint converting apparatus, method, and pro 
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gram and vehicular image processing apparatus and method 
utiliZing the same Which can achieve a vieWpoint converted 
image having a less image distortion and Which can easily 
convert the image into the vieWpoint converted image. 

[0008] The above-described object can be achieved by 
providing a vieWpoint converting apparatus comprising: a 
photographing section that photographs a subject plane and 
outputs a photographed image; an image converting section 
that performs an image conversion for the image photo 
graphed by the photographing section With an angle of 
outgoing radiation of a light ray from a representative point 
of the photographing section to an internal of the photo 
graphing section set to be narroWer than an angle of inci 
dence of another light ray from an external to the photo 
graphing section on the representative point; a vieWpoint 
converting section that performs a vieWpoint conversion for 
the image converted image by the image converting section; 
and a display section that displays the vieWpoint converted 
image by the vieWpoint converting section. 

[0009] The above-described object can also be achieved 
by providing a vieWpoint converting method comprising: 
photographing a subject plane by a photographing section; 
outputting a photographed image from the photographing 
section; performing an image conversion for the photo 
graphed image With an angle of outgoing radiation of a light 
ray from a representative point of the photographing section 
to an internal of the photographing section set to be narroWer 
than an angle of incidence of another light ray from an 
external to the photographing section on the representative 
point; performing a vieWpoint conversion for the image 
converted image; and displaying the vieWpoint converted 
image through a display. 

[0010] The above-described object can also be achieved 
by providing a computer program product including a com 
puter usable medium having a computer program logic 
recorded therein, the computer program logic comprising: 
image converting means for performing an image conver 
sion for an image photographed by the photographing 
means, the photographing means photographing a subject 
plane and outputting the photographed image thereof, With 
an angle of outgoing radiation of a light ray from a repre 
sentative point of the photographing means to an internal of 
the photographing means set to be narroWer than an angle of 
incidence of another light ray from an external to the 
photographing means; and vieWpoint converting means for 
performing a vieWpoint conversion for the image converted 
image by the image converting means, the vieWpoint con 
verted image being displayed on display means. 

[0011] The above-described object can also be achieved 
by providing a vehicular image processing apparatus for an 
automotive vehicle, comprising: a plan vieW image gener 
ating section that generates a plan vieW image of a subject 
plane; an image segmentation section that segments the plan 
vieW image; an image compression section that compresses 
the plan vieW image; and an image display section that 
displays the plan vieW image. 

[0012] The above-described object can also be achieved 
by providing a vehicular image processing method for an 
automotive vehicle, comprising: generating a plan vieW 
image of a subject plane; segmenting the plan vieW image; 
compressing the plan vieW image; and displaying the plan 
vieW image. 
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[0013] This summary of the invention does not necessarily 
describe all necessary features so that the invention may also 
be a sub-combination of these described features. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a functional block diagram of a vieWpoint 
conversion apparatus in a preferred embodiment according 
to the present invention. 

[0015] FIG. 2 is an explanatory vieW for explaining an 
image conversion by means of an image converting section 
in the vieWpoint converting apparatus in the preferred 
embodiment shoWn in FIG. 1. 

[0016] FIG. 3 is another explanatory vieW for explaining 
the image conversion by means of an image converting 
section in the vieWpoint converting apparatus in the pre 
ferred embodiment shoWn in FIG. 1. 

[0017] FIG. 4 is an explanatory vieW for explaining a 
vieWpoint conversion by means of a vieWpoint converting 
section of the vieWpoint converting apparatus in the pre 
ferred embodiment shoWn in FIG. 1. 

[0018] FIG. 5 is a functional block diagram of a structure 
of a vehicular image processing apparatus utiliZing the 
vieWpoint converting apparatus in the embodiment shoWn in 
FIG. 1. 

[0019] FIG. 6 is an explanatory vieW representing an 
example of an image segmentation executed in the vehicular 
image processing apparatus shoWn in FIG. 5. 

[0020] FIG. 7 is an explanatory vieW representing another 
example of the image segmentation executed in the vehicu 
lar image processing apparatus shoWn in FIG. 5. 

[0021] FIG. 8 an explanatory vieW representing a still 
another example of the image segmentation executed in the 
vehicular image processing apparatus shoWn in FIG. 5. 

[0022] FIG. 9 is a functional block diagram of another 
structure of the vehicular image processing apparatus uti 
liZing the vieWpoint converting apparatus shoWn in FIG. 1. 

[0023] FIG. 10 is a functional block diagram of an 
example of the image segmentation executed in the vehicu 
lar image processing apparatus shoWn in FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] Reference Will hereinafter be made to the draWings 
in order to facilitate a better understanding of the present 
invention. 

[0025] FIG. 1 shoWs a block diagram of a vieWpoint 
converting apparatus in a preferred embodiment according 
to the present invention. 

[0026] As shoWn in FIG. 1, the vieWpoint converting 
apparatus includes: an actual camera (photographing sec 
tion) 11 Which photographs a subject plane and outputs an 
image; an image converting section 12 Which performs an 
image conversion such that an angle of outgoing radiation of 
a light ray into an inside of actual camera 11 is set to be 
narroWer than an angle of incidence of another light ray from 
an external to actual camera 11, for the photographed image 
by camera 11; a vieWpoint converting section 13 Which 
performs a vieWpoint conversion for the image converted 
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image to Which the image converting section converts the 
image by the image converting section; and a display section 
14 (constituted by, for example, a liquid crystal display) 
Which displays a vieWpoint converted image to Which the 
vieWpoint conversion is carried out by the vieWpoint con 
verting section 12. 

[0027] Next, the vieWpoint conversion Will be described in 
details by means of vieWpoint conversion section 12 of the 
vieWpoint converting apparatus shoWn in FIG. 1. 

[0028] As shoWn in FIGS. 2 and 3, a light ray 25 outside 
of a camera’s main body 21 of an actual camera model 11a 
alWays passes through a representative point 22 (in many 
cases, a focal point position of the lens or a center point 
position thereof is used as the representative point) and a 
light ray 26 Within camera’s main body 21 enters a photo 
graph plane (image sensor surface) 23 installed Within 
camera’s main body 21. Photograph plane 23 is perpendicu 
lar to an optical axis 24 of camera indicating an orientation 
of actual camera model 11a (actual camera 11) and is 
disposed so that optical axis 24 of actual camera 11 passes 
through a center of photograph plane 23. 

[0029] It is of course that optical axis 24 of actual camera 
11 may not pass through a center of photograph plane 23 
depending upon a characteristic of actual camera 11 to be 
simulated and may not be perpendicular to photograph plane 
23. In addition, it is preferable that a distance from repre 
sentative point 22 to photograph plane 23 may be a unit 
distance (1) for a calculation convenience. 

[0030] Furthermore, in a case Where a CCD camera is 
simulated, photograph plane 23 is divided in a lattice form 
so that photograph plane 23 reproduces a number of pixels 
of actual camera Which is an object to be simulated. Since, 
?nally, such a simulation as to on Which position (pixel) of 
photograph plane 23 of light ray 26 becomes incident is 
carried out, only a distance betWeen representative point 22 
and photograph plane 23 and a ratio in length betWeen 
longitudinal and lateral of photograph plane 23 are critical 
but an actual distance therebetWeen is minor. 

[0031] Image converting section 12 performs such an 
image conversion that angles of outgoing radiations oto and 
[30 of the photographed image by actual camera 11 toWard 
an inside of camera’s main body 21 of actual camera model 
11a (angle of outgoing radiation oto is an angle of light ray 
26 With respect to camera’s optical axis 24 and angle of 
outgoing radiation [30 is an angle of light ray 26 With respect 
to an axis orthogonal to camera’s optical axis 24) is narroWer 
than angles otI and [31 of incidence from an external to 
camera’s main body 21 of actual camera model 11a (angle 
of incidence otI is an angle of light ray 25 With respect to 
camera’s optical axis 24 and angle of incidence [31 is an angle 
of light ray 25 With respect to the axis orthogonal to 
camera’s optical axis 24). 

[0032] That is to say, light ray 25 alWays passes through 
representative point 22 to be radiated into light ray 26. Using 
a concept of a pole coordinate system, light ray 25 can be 
represented by tWo angles of incident angles otI and [31 With 
representative point 22 as an origin. When light ray 25 
passes through representative point 22, light ray 25 is 
converted into light ray 26 having angles of outgoing 
radiations oto and [30 de?ned by the folloWing equation. 
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[0033] In the embodiment, a relationship on an inequality 
of oto and 0&1 such as (XO<(XI is always established. 

[0034] In this case, the direction of light ray 25 is changed 
according to equation When passing through represen 
tative point 22, light ray 26 is intersected With photograph 
plane 23 at an intersection 27. For example, in a case Where 
CCD (Charge Coupled Device) camera is simulated, it can 
be determined on Which pixel on photograph plane 23 light 
ray 26 becomes incident from a coordinate (position) of 
intersection 27. 

[0035] It is noted that there is often a case Where light ray 
26 does not intersect With photograph plane 23 according to 
a setting of photograph plane 23. In this case, light ray 25 is 
not photographed on actual camera model 11a. In addition, 
suppose that a maximum ?eld angle of actual camera 11 to 
be the object to the simulation is M (degree). In this case, it 
is necessary to satisfy light ray 25 Which is alloWed to 
become incident in an inside of camera’s main body 21. 
Light ray 25 Which does not satisfy this condition is not 
photographed by actual camera model 11a. 

[0036] A maximum value of the instantaneous outgoing 
radiation value is calculated as f (2/M). In addition, upon a 
determination of the function f (otI, BI) in a right term of 
equation (1), the distance betWeen representative point 22 
and photograph plane 23 (may be the unit distance as 
described above) and lengths of longitudinal and lateral of 
photograph plane 23 are determined, and prescribes a pho 
tograph range of actual camera model 11a. It is noted that, 
as shoWn in FIG. 2, a magnitude of maximum outgoing 
radiation angle Gomax is smaller than that of maximum angle 
of incidence GIMAX. 

[0037] According to the above-described procedure, such 
a calculation as to on Which position (or pixel) on the 
photograph plane 23 of actual camera model 11a light ray 25 
Which is incident on representative point 22 can be deter 
mined. Thus, the image conversion is carried out for the 
photographed image at a time of light ray 25 passing through 
representative point 22 and propagating in the rectilinear 
manner. Thus, the image converted image can be obtained. 
According to equation (1), the relationship betWeen incident 
angles otI and [31 of light ray 25 incident on actual camera 11 
and the pixel (position) of the image converted image can be 
determined. In addition, it becomes possible to calculate 
from Which direction light ray 26 Which is incident on an 
arbitrary point on photographed plane 23 is incident on 
representative point 22, together With equation 

((11: BI)=?(O"O> [50) [0038] Simplest examples of equation (1) are equations 
having proportional relationships betWeen incident angles of 
otI and [31 and outgoing angles of oto and [30. 

oto=k (11 (3) and 

[5:61 [0039] It is noted that k denotes a parameter to determine 
the lens characteristic of actual camera model 11a and k<1. 
If k=1, the same operation as a conventional pinhole camera 
model is resulted. A distortion aberration characteristic of 
the actual lens (in an ordinary Wide conversion (angle) lens) 
can be approximated by an appropriate setting of parameter 
k in a range from 1 to 0 (0<k<1) although it depends on a 
purpose of lens (design intention). A more accurate camera 
simulation becomes possible than the camera simulation 
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using the pinhole camera model. In a case Where a more 
precise lens simulation is carried out, the function of f ((1.1, 
BI) does not have a proportional relation as shoWn in 
equations (3) and (4) but the lens characteristic of actual 
camera 11 is actually measured and the image conversion is 
carried out With a function representing the lens character 
istic of actual camera 11. In this case, the outgoing radiation 
angle is narroWer than incident angle of otI. After the 
above-described image conversion, the vieWpoint conver 
sion is carried out. A simplest vieWpoint conversion can be 
achieved by placing camera model and projection plane on 
a space and by projecting a video image photographed by 
camera onto a projection plane. 

[0040] Next, the vieWpoint conversion by means of vieW 
point converting section 13 shoWn in FIG. 1 Will be 
described With reference to FIG. 4. First, a virtual space is 
set to match With an actual space, actual camera 11, and 
virtual camera 32 are arranged on the virtual space so that 
positions and directions of actual and virtual cameras 11 and 
32 are adjusted. Next, a projection plane is set. In FIG. 4, 
x-y plane is set as the projection plane. Alternatively, a 
plurality of projection planes may be arranged on the virtual 
space in accordance With a geography or presence of an 
objection on the actual space. 

[0041] Suppose that an attention is paid to one of pixels of 
virtual camera 32 and attention paid pixel is a pixel V. Since 
pixel V of virtual camera 32 has an area, a coordinate of a 
center point of pixel V is assumed to be a coordinate of pixel 
V. An intersection 33 betWeen projection plane and light ray 
35 is determined With an information of the position and 
direction of virtual camera 32 taken into account. Next, a 
light ray 34 from intersection 33 to actual camera 11 is to be 
considered. 

[0042] In a case Where the incidence of light ray 34 onto 
actual camera 11 falls With the photograph range of actual 
camera 11, such a calculation as to on Which pixel of actual 
camera 11 light ray 34 becomes incident is carried out. In 
this case, on Which pixel of actual camera 11 light ray 34 
becomes incident for the image converted image explained 
With reference to FIGS. 2 and 3. Suppose that the pixel on 
Which light ray 34 is incident is a pixel R. Pixel V corre 
sponds to pixel R. Suppose that color and luminance of pixel 
V is color and luminance of pixel R. 

[0043] It is noted that in a case Where the incidence of light 
ray 34 into an actual camera 11 falls out of the photograph 
range of actual camera 11 or light ray 34 is not incident on 
photograph plane of actual camera 11, intersection 33 is not 
photographed on actual camera 11. Hence, no image is 
supposed to be photographed on pixel V of virtual camera 
32. A default value (black or any other color may be used) 
of the Whole apparatus is used for a color of pixel V. In 
addition, the coordinate representing pixel V is, in the 
above-described example, one point per pixel. The repre 
sentative coordinate may be plural Within pixel V. In this 
case, for each representative coordinate, on Which pixel of 
actual camera 11 light ray 34 becomes incident is calculated. 
Then, obtained plurality of colors and luminance are 
blended to be set as color and as luminance of pixel V. In this 
case, a ratio of the blending for pixel is made equal in the 
color and luminance. 

[0044] Then, a technique of the blending of the color and 
luminance includes an alpha blending Which is Well knoWn 
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method in a ?eld of computer graphics. The alpha blending 
is exempli?ed by a U.S. Pat. No. 6,144,365 issued on Nov. 
7, 2000, the disclosure of Which is herein incorporated by 
reference. 

[0045] The above-described processing is carried out for 
all pixels of virtual camera 32 and the color and luminance 
of each pixel are ascertained so that the image of virtual 
camera 32, viZ., the vieWpoint converted image can be 
generated. Consequently, the image of actual camera on the 
space, viZ., the image converted image can be vieWpoint 
converted into vieWpoint converted image. 

[0046] In this blending technique, the characteristic and 
position and position of virtual camera 32 can more freely be 
set than a method of simply projecting a photographed 
image into a projection plane and the blending technique can 
easily cope With a variation of the characteristic and position 
of virtual camera 32. 

[0047] It is noted that each pixel of virtual camera 32 
Which basically corresponds to one of pixels of actual 
camera 11 and the setting of the projection plane are varied. 
Hence, if a processing unit With less margin in a calculation 
capability is used, the correspondence relationship may be 
stored as a conversion table to Which the processing unit is 
to refer during its execution thereof. In addition, in a case 
Where the number of pixels of virtual camera 32 are great 
many, it is more cost effective to use such a processing unit 
as to enable a high-speed processing of the calculation on the 
vieWpoint conversion rather than the use of a processing unit 
(computer) having a large capacity memory. Since, a posi 
tional variation on the photograph plane 23 With respect to 
a variation in the angle of outgoing radiation oto is approxi 
mately the same betWeen those at the center portion of 
photograph plane 23 and contour portion of photograph 
plane 23, the vieWpoint converted image With less distortion 
can be obtained. It is not necessary to photograph a pattern 
image to calculate the conversion function. Hence, an easy 
vieWpoint conversion can be achieved. In addition, When the 
image conversion is carried out With a function proportional 
betWeen angle of outgoing radiation oto and that of incidence 
otI, a magni?cation of the center portion of the image 
converted image is the same as that of the contour portion 
thereof. Consequently, the vieWpoint image With less dis 
tortion can be obtained. When the image conversion is 
carried out With the function indicating the lens character 
istic of actual camera 11, the vieWpoint converted image 
With less distortion due to the lens of actual camera (aber 
ration) can be obtained. In addition, since vieWpoint con 
verting section 13 shoWn in FIG. 1 handles the color and 
luminance of each pixel on vieWpoint converted image as 
the color and the luminance of each pixel located at the 
center point of each pixel, it is not necessary to calculate an 
average value of each of the colors and luminance. 

[0048] Hence, an amount of calculations during the vieW 
point conversion can be reduced. Furthermore, in the vieW 
point converting program according to the present invention, 
the computer is made functioned as image converting means 
for performing the image conversion according to equation 
(1) (otO<otI) for the photographed image photographed by 
actual camera (photographing means) Which photographs a 
plane and outputs the image and vieWpoint converting 
means for performing the vieWpoint conversion for the 
image converted image converted by the image converting 
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means. The image converting means executes the image 
conversion as explained With reference to FIGS. 2 and 3. In 
addition, the vieWpoint converting means executes the vieW 
point conversion as explained With reference to FIG. 4. 
Then, the vieWpoint converted image obtained from the 
execution of vieWpoint converting program in the computer 
is displayed on the display means. 

[0049] If the vieWpoint converting program described 
above is executed by the computer, the vieWpoint converting 
image With less distortion can be obtained for the images 
placed in the vicinity to the contour portion and for the 
image photographed by the camera having the large ?eld 
angle and am easy vieWpoint conversion can be achieved. 

[0050] 
[0051] Next, a vehicular image processing apparatus 
Which converts a video image photographed by means of a 
plurality of cameras installed on a vehicle such as an 

automotive vehicle into that as described above, synthesiZes 
the images and generates a synthesiZed photograph image 
(plan vieW image) from above a vehicular upper sky, and 
produces a generated image to a vieWer such as a vehicular 
driver Will be described beloW. 

[0052] In such a vehicular image processing apparatus as 
described above, on its principle, an object (for example, an 
object having no height such as a paint) present on a 
reference plane of conversion (e.g., a road surface) is 
correctly converted but another object having some height is 
displayed With the distortion. In addition, as the object 
becomes separated from each of the cameras, the distortion 
of the image becomes remarkable. An mismatch (unpleas 
ant) feeling to the display content of the display has been 
given and a feeling of distance has been lost. 

“Vehicular image processing apparatus” 

[0053] Hereinafter, a predetermined image processing is 
executed for part of the display image screen of the display. 
Hence, the vehicular image processing apparatus Which can 
relieve the problems of the mismatch feeling on the display 
and the loss of the feeling of distance Will be described 
beloW in more details. 

[0054] FIG. 5 shoWs a structure of the vehicular image 
processing apparatus according to the present invention. 

[0055] In FIG. 5, a reference numeral 101 denotes a plan 
vieW image generating section that generates a plan vieW 
image (planar surface image), a reference numeral 102 
denotes an image segmentation section that segments the 
image generated from a plane vieW image prepared by the 
plan vieW image generating section 101 into a plurality of 
images, a reference numeral 103 denotes an image com 
pression section that performs a compression of the image in 
a region to Which the image segmentation section 102 
segments the plan vieW image generated by plan vieW image 
generating section 101, a reference numeral 104 denotes an 
image display Which displays an image to produce it to the 
driver, a reference numeral 105 denotes a compression mode 
selection section that selects a compression mode (segmen 
tation, compression format, and method) of compression 
section 103 and image segmentation section 103. 

[0056] First, suppose that the plan vieW image from the 
upper sky above the vehicle is generated by means of plan 
vieW image generating section 101 using video images 
retrieved by the corresponding one of the cameras (not 
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shown) attached onto the vehicle. Plan vieW image gener 
ating section 101 speci?cally includes the vieWpoint con 
version apparatus explained already With reference to FIGS. 
1 to 4. It is noted that an image synthesizing section 13A that 
synthesiZes the vieWpoint converted image may be inter 
posed betWeen vieWpoint conversion section 13 and display 
section 14, as shoWn in FIG. 1. 

[0057] In details, ?rst, the image generated in plan vieW 
generating section 101 is segmented into a plurality of 
images by means of image segmentation section 102. 

[0058] FIGS. 6 and 8 shoW eXamples of image segmen 
tations. In FIGS. 6 to 8, a reference numeral 200 denotes a 
vehicle. This vehicle is an eXample of a Wagon type car. An 
upper part of vehicle 200 corresponds to a vehicular front 
position. In FIG. 6, for a lateral direction With respect to 
vehicle 200, the segmentation has been carried out in such 
a Way that a range Within a constant interval of distance from 
vehicle 200 is A and other ranges exceeding the constant 
interval of distance are B1 and B2. In FIG. 7, for a 
longitudinal direction With respect to vehicle 200, the seg 
mentation has been carried out in such a Way that a range 
Within a constant interval of distance from vehicle 200 is C 
and other ranges eXceeding the constant distance from 
vehicle 200 are D1 and D2. In FIG. 8, for each of the lateral 
and longitudinal directions With respect to vehicle 200, the 
segmentation has been carried out in such a Way that the 
range Within the constant distance from vehicle 200 is E and 
other ranges eXcept range E are F1, F2, G1, G2, and H1 
through H4. It is noted that, in FIG. 8, When the image is 
segmented, the distance from vehicle 200 Which is the 
reference may be different in both cases of the lateral and 
longitudinal directions. 

[0059] In FIGS. 6 through 8, the compression of the 
display is not carried out for range A(FIG. 6), range C (FIG. 
7), and range E (FIG. 8), each range of Which being Within 
the constant interval of distance from vehicle 200. For the 
other ranges than those described above, the compression of 
the display is carried out. It is noted that a magnitude of each 
range of A, C, and E in Which the compression of the display 
is not carried out may be Zeroed. That is to say, the 
compression of the display is carried out for at least the 
range including vehicle 200. 

[0060] Hereinafter, each eXample shoWn in FIGS. 6 
through 8 Will speci?cally be eXplained. 

[0061] In details, FIG. 6 shoWs a case Where the image 
compression only for the lateral direction is carried out. In 
the case of FIG. 6, for range A, the image generated by plan 
vieW image generating section 101 is directly displayed. For 
ranges B1 and B2, the image compression in the lateral 
direction to vehicle 200 is carried out for the image dis 
played through image display section 104. At this time, for 
a method of compression, a range (Width) of the lateral 
direction may simply be compressed to 1/n. Or alternatively, 
the compression may be carried out in accordance With the 
method such that the magnitude of the compression becomes 
large as the position becomes separated from vehicle 200. 

[0062] FIG. 7 shoWs a case Where the image compression 
is carried out only for the longitudinal direction. In the case 
of FIG. 7, for range C, the image generated by plan vieW 
image generating section 101 is directly displayed. For 
ranges D1 and D2, the image is displayed With its longitu 
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dinal direction to vehicle 200 compressed. At this time, the 
range of longitudinal direction may be compressed to 1/n. As 
the position becomes aWay from vehicle 200, the magnitude 
of the compression may become larger. 

[0063] FIG. 8 shoWs a case Where, for both of the lateral 
and longitudinal directions, the image compression is car 
ried out. In the case of FIG. 8, for range E, the image 
generated by the plan vieW image generating device 101 is 
directly displayed. For ranges F1 and F2, the longitudinal 
compression and display are carried out. At this time, as far 
as the method of compression is concerned, the longitudinal 
range may simply be compressed to 1/n or the image 
compression may be carried out in such a Way that as the 
position becomes far aWay from vehicle 200, the magnitude 
of compression may be compressed to 1/n. Fir ranges G1 
and G2, the lateral compression and display are carried out. 
At this time, as the lateral range may simply be compressed 
to 1/n or the image compression maybe carried out in such 
a Way that as the position becomes far aWay from vehicle 
200, the magnitude of compression may be compressed to 
1/n. For ranges H1, H2, H3, and H4, the display With the 
longitudinal and lateral compressions may be carried out. At 
this time, for the method of compression, the image com 
pression maybe carried out for the longitudinal direction of 
1/n and the lateral direction of l/m. Or alternatively, as the 
position from vehicle 200 becomes separated, the magnitude 
of compression becomes large. 

[0064] For the segmentation and compression of the 
image, the respective modes may arbitrarily be selected by 
the vehicle driver. The vehicular driver can select the 
segmentation and compression modes from among the plu 
rality thereof through compression mode selecting section 
102. 

[0065] For eXample, as shoWn in FIG. 6. the image 
compression mode can be sWitched from among four modes: 
such a mode that the image segmentation and compression 
are carried out only in the lateral direction as shoWn in FIG. 
6; such a mode that the image segmentation and compres 
sion are carried out only in the longitudinal direction as 
shoWn in FIG. 7; such a mode that the image segmentation 
and compression are carried out in both of the lateral and 
longitudinal directions as shoWn in FIG. 8 and; such a mode 
that no image compression is carried out. Or the image 
compression mode may be sWitched from among a plurality 
of equations used to perform the image compression. In 
addition, for the position of a boundary at Which the seg 
mentation is carried out, the vehicle driver can select the 
position of the boundary from a menu. Compression mode 
selecting section 102 may be constituted by an ordinary 
sWitch, nay be constituted by a touch panel, or may be 
determined by a joystick or a button. 

[0066] The image generated in the Way described above 
has the distance thereof reduced from its original image 
since part of the image is compressed. 

[0067] Hence, a partial compression may produce a prob 
lem When the image is displayed on image display section 
104. HoWever, this problem is eliminated by generating a 
slightly larger image and displaying it over a display screen 
as fully as possible. Hence, since, for the image compres 
sion, the same calculation is repeated for each number of 
times, the image compression is carried out, the calculation 
of the image compression is carried out and the subsequent 
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calculation may be omitted by referring to a table in Which 
a result of the calculation only one time is stored. 

[0068] The displayed image thus generated is produced to 
the vehicle driver through image display section 104. In this 
construction, since part of the image generated by plan vieW 
image generating section 101 is compressed as described 
above, the distortion of the displayed object such as is 
separated from the camera and such as the presence of the 
height can be relieved. Thus, such a problem that the loss of 
display mismatch feeling or of the feeling of distance is 
relieved. Consequently, a more nature image can be pro 
duced to the driver. 

[0069] Image processing apparatus shoWn in FIGS. 5 
through 8 includes: plan vieW image generating section 
(plan vieW image generating means) 101; image segmenta 
tion section (image segmentation means) that segments the 
image into a plurality of images; the image compression 
section 103 that (performs the image compression; and 
image display section 104 that displays the image. 

[0070] It is noted that the plan vieW image generating 
section (101) is constituted by the vieWpoint conversion 
section shoWn in FIGS. 1 through 4. 

[0071] It is also noted that the image processing apparatus 
includes selecting means for selecting at least one of a 
turning on and a turning off the above-described segmenta 
tion and compression and a method of segmenting the image 
and compressing the image. 

[0072] In addition, the image compression is carried out 
for the range of the image equal to or a constant interval of 
distance from vehicle 200. 

[0073] The above-described compression nay be carried 
out in accordance With such a function that a deformation is 
small in the vicinity to vehicle 200 but the deformation 
becomes increased as the position becomes separated from 
vehicle 200. 

[0074] The above-described image segmentation and 
compression are carried out only along the lateral direction 
to vehicle (in the case of FIG. 6). 

[0075] The above-described segmentation and compres 
sion of the image are carried out only along the longitudinal 
direction to vehicle (in the case of FIG. 7). 

[0076] The above-described segmentation and compres 
sion of the image are carried out along both of the lateral and 
longitudinal directions to vehicle (in the case of FIG. 8). 

[0077] Next, another structure of the vehicular image 
processing apparatus shoWn in FIGS. 5 through 8 accord 
ing to the present invention Will be described beloW. 

[0078] FIG. 9 shoWs a functional block diagram of the 
vehicular image processing apparatus. 

[0079] A difference in the structure shoWn in FIG. 9 from 
that shoWn in FIG. 5 is an addition of a distance measuring 
section 106 connected to image segmentation section 102. 

[0080] The methods of the image segmentation and the 
image compression for the image generated by plan vieW 
image generating section 101 are selected and determined 
according to the menu by the vehicle driver in the same 
manner as described With reference to FIG. 5. 
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[0081] Distance measuring section 106 performs a detec 
tion of an object having a height and located surrounding to 
the vehicle and performs a measurement of the distance to 
the object. Distance measuring section 106, for eXample, 
includes a radar or a stereo-camera. For eXample, suppose 
that the segmentation mode of the image is selected to the 
lateral segmentation shoWn in FIG. 6 and the object having 
the height is detected at a left rear position of the vehicle by 
means of distance measuring section 106. Then, suppose 
that no detection of the object is carried out for a right side 
of the vehicle. At this time, image segmentation section 102 
serves to segment the image into a range A‘ in Which no 
compression of the displayed image is carried out and a 
range B‘ in Which the image compression of the displayed 
image is carried out. Apartitioning line 301 shoWn in FIG. 
10 is set With the distance to object 302 detected by distance 
measuring section 106 as a reference. Since no object having 
the height is not detected at the right side of vehicle 200, the 
range in Which the displayed image is compressed is not set. 
If the objects Were detected in both of the left and right sides 
of the vehicle, the partitioning line for the right side of 
vehicle 200 is set in the same manner and the range in Which 
the displayed image is compressed is generated. The method 
of image compression is the same as that described With 
reference to FIG. 5. 

[0082] The above-described image segmentation and 
image compression With reference to FIGS. 9 and 10 are 
based on the case Where the lateral image segmentation and 
image compression are carried out as shoWn in FIG. 6. 
HoWever, it is natural that, even in cases Where the image 
segmentation and compression modes are those shoWn in 
FIG. 7 (only the longitudinal direction) and shoWn in FIG. 
8 (both of the lateral and longitudinal directions), the image 
segmentation is carried out in the same Way as described 
above With the detected object as the reference and the 
display compression process is carried out by image display 
section 104. 

[0083] The difference betWeen the vehicular image pro 
cessing apparatuses shoWn in FIGS. 5 and 9 is that, in the 
case of the vehicular image processing apparatus shoWn in 
FIG. 5, the regional segmentation and compression are 
alWays carried out according to various settings set by the 
vehicle driver but, in the case of the vehicular image 
processing apparatus shoWn in FIG. 9, the regional segmen 
tation and compression are carried out only in a case Where 
distance measuring section 106 detects the object and no 
detection of the object, i.e., neither regional segmentation 
nor compression is carried out in a case Where the object is 
not detected by distance measuring section 106. 

[0084] The produced image generated as described above 
is produced to the vehicle driver via image displaying 
section 104. In this structure, vehicular image processing 
apparatus includes distance measuring section 106 Which 
serves as a sensor that detects the object having the height. 
The partial image compression is carried out for the image 
generated by plan vieW image generating section 101 only 
along the direction at Which the object is detected. Conse 
quently, the distortion of the display having the height can 
be relieved, particularly for the object having the height, The 
problems of the mismatch (or unpleasant) feeling of the 
display and loss of the feeling of distance can be reduced. 
Thus, the more natural image can be produced to the vehicle 
driver. 
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[0085] The vehicular image processing apparatus shown 
in FIGS. 9 and 10 includes the sensor (or distance measur 
ing section 106) to detect the object having the height and 
performs the image segmentation and compression only 
along the direction at Which the object is detected. Various 
changes and modi?cations may be made Without departing 
from the scope and sprit of the present invention Which is to 
be de?ned With the appended claims. 

[0086] The entire contents of Japanese Patent Applications 
No. 2001-211793 (?led in Japan on Jul. 12, 2001) and No. 
2002-080045 (?led in Japan on Mar. 22, 2002) are herein 
incorporated by reference. The scope of the invention is 
de?ned With reference to the folloWing claims. 

What is claimed is: 
1. A vieWpoint converting apparatus comprising: 

a photographing section that photographs a subject plane 
and outputs a photographed image thereof; 

an image converting section that performs an image 
conversion for the image photographed by the photo 
graphing section, With an angle of outgoing radiation of 
a light ray toWard an internal of the photographing 
section set to be narroWer than an angle of incidence of 
another light ray from an external to the photographing 
section converting section that performs a vieWpoint 
conversion for the image converted by the image 
converting section; and 

a display section that displays the vieWpoint converted 
image by the vieWpoint converting section. 

2. A vieWpoint converting apparatus as claimed in claim 
1, Wherein the image converting section performs the image 
conversion using a function by Which the angle of outgoing 
radiation thereof is proportional to the angle of the incidence 
thereof With the angle of outgoing radiation set to be 
narroWer than the angle of incidence thereof. 

3. A vieWpoint converting apparatus as claimed in claim 
1, Wherein the image converting section performs the image 
conversion using a function representing a characteristic of 
lens of the photographing section is proportional to the angle 
of the incidence thereof With the angle of outgoing radiation 
set to be narroWer than the angle of incidence thereof. 

4. A vieWpoint converting apparatus as claimed in claim 
1, Wherein the vieWpoint converting section sets color and 
luminance of each pixel of the vieWpoint converted image to 
color and luminance placed on a center point of each pixel 
of the image converted image corresponding to each pixel of 
the vieWpoint converted image. 

5. A vieWpoint converting apparatus as claimed in claim 
1, Wherein the photographing section comprises a camera 
having an optical axis, the angle of incidence of the other 
light ray from the external to the camera on the represen 
tative point of the camera being formed by a ?rst angle (otI) 
of the light ray With respect to the camera’s optical axis and 
by a second angle (BI) of the other light ray With respect to 
an axis orthogonal to the camera’s optical axis and by a 
second angle (BI) of the other light ray With respect to an axis 
orthogonal to the camera’s optical axis, the angle of outgo 
ing radiation of the light ray from the representative point of 
the camera into the internal of the camera being formed by 
a third angle (oto) of the light ray With respect to the optical 
axis and by a fourth angle ([30) of the light ray With respect 
to the axis orthogonal to the camera’s optical axis, and 
Wherein oto<otI and [30431. 
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6. A vieWpoint converting apparatus as claimed in claim 
5, Wherein otO=kotI and [3O=[3I, Wherein k denotes a param 
eter to determine a characteristic of a lens of the camera and 
1>k>0. 

7. A vieWpoint converting apparatus as claimed in claim 
6, Wherein the camera comprises a CCD camera having a 
photograph plane installed Within the internal thereof. 

8. A vieWpoint converting apparatus as claimed in claim 
1, Wherein a magnitude of a maximum angle of outgoing 
radiation of the light ray from the representative point of the 
photographing section to the internal of the photographing 
section (GOMAX) is smaller than that of a maximum angle of 
incidence (GIMAPQ of the other light ray from the external to 
the photographing section on the representative point of the 
photographing section. 

9. A vieWpoint converting apparatus as claimed in claim 
5, Wherein the vieWpoint converting section sets a virtual 
space on Which a virtual camera is arranged together With 
the camera and at least one projection plane on the virtual 
space, determines an intersection of a further light ray from 
the representative point of the virtual camera With the 
projection plane, determines on Which pixel of the camera 
becomes incident from the intersection When the incidence 
of the further light ray from the intersection on the camera 
falls Within a photograph enabling range, one of the pixels 
of the camera on Which the light ray from the intersection 
becomes incident being a pixel R and color and luminance 
of one of the pixels V of the virtual camera from Which the 
further light ray is radiated corresponding to those of the 
pixel R of the camera, and the image on all of the pixels of 
the virtual camera being the vieWpoint converted image of 
the image converted image of the camera. 

10. A vieWpoint converting method comprising: 

photographing a subject plane; 

outputting a photographed image thereof; 

performing an image conversion for the photographed 
image With an angle of outgoing radiation of a light ray 
toWard an internal of the photographing section set to 
be narroWer than an angle of incidence of another light 
ray from an external to the photographing section; 

performing a vieWpoint conversion for the image con 
verted image; and 

displaying the vieWpoint converted image through a dis 
play. 

11. A computer program product including a computer 
usable medium having a computer program logic recorded 
therein, the computer program logic comprising: 

image converting means for performing an image con 
version for a photographed image of a subject plane, 
photographing means photographing the subject plane 
and outputting the photographed image, With an angle 
of outgoing radiation of a light ray toWard an internal 
of the photographing means set to be narroWer than an 
angle of incidence of another light ray from an external 
to the photographing means; and 

vieWpoint converting means for performing a vieWpoint 
conversion for the image converted by the image 
converting means, the vieWpoint converted image 
being displayed on display means. 
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12. A viewpoint converting program for a computer 
comprising: 

a photographing function that photographs a subject plane 
and outputs a photographed image thereof; 

an image converting function that performs an image 
conversion for the image photographed by the photo 
graphing function With an angle of outgoing radiation 
of a light ray toWard an internal of the photographing 
function set to be narroWer than an angle of incidence 
of another light ray from an external to the photograph 
ing function; 

a vieWpoint converting function that performs a vieWpoint 
conversion for the image converted by the image 
converting function; and 

a display function that displays the vieWpoint converted 
image by the vieWpoint converting function. 

13. A vehicular image processing apparatus for an auto 
motive vehicle, comprising: 

a plan vieW image generating section that generates a plan 
vieW image of a subject plane; 

an image segmentation section that segments the plan 
vieW image; 

an image compression section that compresses the plan 
vieW image; and 

an image display section that displays the plan vieW 
image. 

14. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the plan 
vieW image generating section comprises: 

a photographing section, mounted on the vehicle, that 
photographs of a subject plane and outputs a photo 
graphed image thereof; and 

an image converting section that performs an image 
conversion for the image photographed by the photo 
graphing section, With an angle of outgoing radiation of 
a light ray toWard an internal of the photographing 
section set to be narroWer than an angle of incidence of 
another light ray from an external to the photographing 
section, the vieWpoint converted image being the plan 
vieW image by the plan vieW image generating section. 

15. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 14, Wherein the image 
converting section performs the image conversion using a 
function by Which the angle of outgoing radiation thereof is 
proportional to the angle of incidence thereof With the angle 
of outgoing radiation set to be narroWer than the angle of 
incidence thereof. 

16. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 15, Wherein the vieW 
point converting section sets color and luminance of each 
piXel of the vieWpoint converted image to color and lumi 
nance placed on a center point of each piXel of the image 
converted image corresponding to each piXel of the vieW 
point converted image. 
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17. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the vehicular 
image processing apparatus further comprises a mode selec 
tion section that selects at least one of a turn on or off of the 

image segmentation and the image compression, a method 
of the image segmentation, and a method of the image 
compression. 

18. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the image 
compression section compresses a part of the plan vieW 
image Which falls in a range separated from the vehicle by 
a constant interval of distance or longer. 

19. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the image 
compression section compresses the plan vieW image in 
accordance With a function such that a deformation of the 
image placed in a vicinity to the vehicle is small and, as a 
distance from the vehicle becomes longer, the deformation 
becomes larger. 

20. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the image 
segmentation section and the image compression section 
perform the image segmentation and the image compres 
sion, respectively, only along a lateral direction to the 
vehicle. 

21. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the image 
segmentation section and the image compression section 
perform the image segmentation and the image compres 
sion, respectively, only along a longitudinal direction to the 
vehicle. 

22. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the image 
segmentation section and the image compression section 
perform the image segmentation and the image compres 
sion, respectively, along both of lateral and longitudinal 
directions to the vehicle. 

23. A vehicular image processing apparatus for an auto 
motive vehicle as claimed in claim 13, Wherein the vehicular 
image processing apparatus further comprises a distance 
measuring section that detects an object having a height and 
the image segmentation section and the image compression 
section perform the image segmentation and the image 
compression, respectively, only along a direction at Which 
the object has been detected by the distance measuring 
section. 

24. Avehicular image processing method for an automo 
tive vehicle, comprising: 

generating a plan vieW image of a subject plane; 

segmenting the plan vieW image; 

compressing the plan vieW image; and 

displaying the plan vieW image. 


